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I N T R O D U C T I O N
Many theoretical, experimental and field studies report that species diversity (SD) and genetic diversity (GD) are often correlated in communities (Vellend and Geber, 2005; Vellend, 2005; Lamy et al., 2013) . Three non-mutually exclusive scenarios can explain the species-genetic diversity correlation (SGDC) (Vellend, 2003; Vellend and Geber, 2005) . In the first one, SD and GD are similarly influenced by a common factor, resulting in a positive correlation between diversity levels (Vellend and Geber, 2005) . Excluding speciation and mutations that usually act at a longer timescale, three analogous processes can create, in parallel, variation in SD and GD: ecological/genetic drift, migration and selection (Vellend and Geber, 2005; Vellend, 2010) . This implies that factors influencing drift and migration (for example, the area of a locality or its connectivity with other localities) or factors influencing selection (like spatial and temporal heterogeneity in the environment) can influence both diversity levels in a similar way without the need for SD and GD to interact directly (Vellend, 2003; Lamy et al., 2013) .
In the second scenario, the GD present within a member of the community directly influences the SD of the community (Vellend and Geber, 2005; Vellend, 2006) . The GD of a species can affect the inter-individual variation in morphology, physiology, behaviour and lifehistory traits and hence the width of its ecological niche, its demographic performance, its productivity and its viability in the community (Crutsinger et al., 2006; Altermatt and Ebert, 2008; Bolnick et al., 2011) . In turn, the GD of a species can influence the biotic environment experienced by the other species of the community and influence species co-existence, for example by influencing the competition and predation pressures that species must confront (Vellend, 2006) . Whitham et al. (2006) showed that species variation in the microbial and arthropod communities that inhabit trees from the Populus genus was related to variation in the clonal diversity of Populus trees. This effect of GD on SD should especially be important in the case of foundation species that structure communities by creating locally stable conditions for other species (Whitham et al., 2006) , or for communities within which a species is dominant (Vellend and Geber, 2005) . Conversely, in the third scenario of Vellend and Geber (2005) , SD can also influence GD via its effect on the selection regime experienced by component populations by enabling the presence of different ecological niches for different genotypes. The last two scenarios can result in either positive or negative correlations between diversity levels. This depends on whether diversity at one level acts as a source of diversifying selection for the other level via the creation of new ecological niches (positive correlation) or acts as a source of exclusion by decreasing the number of available niches in the habitat (negative correlation) (Vellend and Geber, 2005) .
No information is available on the association between clonal diversity of a cladoceran species and zooplankton SD in established field communities. Most studies have manipulated clonal diversity and/or SD and examined invasion success (e.g. Pantel et al., 2015; Holmes et al. 2016a) . Daphnia are cladoceran crustaceans that play a key role in lake and ponds ecosystems (Dodson and Hanazato, 1995) . They compete for algae with other grazers and can influence the production of algal communities; they are also an important part of the diet of fish and invertebrate predators (Dodson and Hanazato, 1995; Latta et al., 2011) . Most Daphnia species from temperate zone populations reproduce by cyclical parthenogenesis (asexual phase in the summer where females produce copies of themselves interrupted by a sexual phase where males and females produce haploid gametes), whereas all subarctic and arctic lineages of the Daphnia pulex complex reproduce by obligate parthenogenesis (strictly asexual phase with no meiosis) (Innes et al., 2000) . Polyploidy is often associated with obligate parthenogenesis, as is the case in subarctic D. pulex populations (Dufresne and Hebert, 1994) . Polyploid organisms are thought to have an edge over their diploid parents due to increased allele numbers and/or increased heterozygosity (Madlung, 2013) . Different clonal lineages have different life-history traits, environmental requirements and competitive ability Jose and Dufresne, 2010; Pantel et al., 2011) . Clonal lineages with varying ploidy levels could have different impacts or could be affected differently by the various competitors and predators from the zooplankton community as well as by environmental factors. Despite the fact that GD is expected to be low in asexuals (Bell, 1982; Simon et al., 2003) , the polyphyletic origins of asexuality in Daphnia lead to high clonal diversity on a regional scale . Genotypic diversity is much lower on a local scale as clones distribute to occupy niches corresponding to their diverse phenotypes (Frozen Niche Variation hypothesis) (Vrijenhoek, 1979) . The rapid establishment of a single genotype through local adaptation can lead to habitat monopolization preventing the establishment of other clones and/or species (De Meester et al., 2007; Urban and De Meester, 2009) .
Members of the D. pulex complex are an important component of the zooplankton communities in subarctic and arctic ponds. They include D. pulex and D. pulicaria, the two most common species of the complex. These species show habitat separation, with D. pulex being found in ponds and D. pulicaria in lakes . Daphnia pulex shows little divergence in mtDNA haplotypes, whereas D. pulicaria can be subdivided into eastern, western and polar groups according to mtDNA divergence (Dufresne and Hebert, 1997) . Daphnia pulex and D. pulicaria readily hybridize and form either diploid or triploid hybrids (Vergilino et al. 2009 ). The Daphnia pulex complex also includes a more divergent clade, the D. tenebrosa clade that is an arctic endemic (Vergilino et al. 2009 ). Subarctic clones of the D. pulex complex in Churchill, Manitoba are widespread, genetically diverse and sort strongly along both salinity and predatory copepod gradients (Weider and Hebert, 1987; Wilson and Hebert, 1992, 1993; Weider and Hobaek, 2003) . These associations suggest high dispersal rates and efficient genotype sorting (De Meester et al., 2002) .
In aquatic communities, the effects of GD on SD (De Meester et al., 2007; Latta et al., 2011) and of SD on GD (Östman, 2011) have been clearly shown in experimental studies. Some manipulative studies have reported no effects of clonal diversity on community species richness (Holmes et al. 2016a ). Little information is available at the moment on SGDC from field studies in natural aquatic environments (but see Derry et al., 2009; Blum et al., 2012; Lamy et al., 2013) . Aquatic communities can be influenced by both local and regional variables (Cottenie et al., 2003) . Dispersal of individuals, which depends on spatial structure and connectivity among habitats, can increase both GD and SD (Gray and Arnott, 2012) . Studies on subarctic and arctic freshwater environments have also identified factors that are significant for local species sorting in these environments (Rautio, 1998; Swadling et al., 2001; Rautio and Vincent, 2006; Strecker et al., 2008; Symons and Arnott, 2013) . Lake surface area, temperature, conductivity, nutrients, dissolved organic carbon (DOC) and depth are known to be important drivers of microcrustacean richness in Alaskan lakes (O'Brien et al., 2004; Strecker et al., 2008) . Negative cooccurrence patterns in cladoceran and copepod species were found in subarctic ponds in Wapusk, Manitoba suggesting that biotic interactions and priority effects could be important at this site (Symons et al. 2014) .
The objectives of this study were as follows: (i) to assess the relative role of spatial processes and environmental conditions on clonal and zooplankton composition, (ii) determine if diploid and polyploid clones are negatively associated and (iii) test for an association between clonal and SD. Our predictions were that clonal composition would be less affected than zooplankton composition by spatial processes as competitively superior Daphnia clones may be widely distributed over a large area, hence reducing the spatial component. Secondly, we predicted that diploid and polyploid clones would be negatively associated as polyploid clones do not compete well with the former. Finally, we predicted that ponds with a high clonal diversity would harbour a lower zooplankton diversity as expected under strong priority effects.
M E T H O D Sampling location
The main sampling location was in the Kuujjuarapik region, Nunavik, Canada (55°17′N, 77°45′W) on both sides of the Great Whale River (Fig. 1) . Three types of ponds can be found in the area: (i) rock ponds on the carbonate-derived bedrock along the coast, (ii) tundra ponds and (iii) thermokarst ponds (created by the thawing of the permafrost) in peatlands and palsa fields. Two rock bluff sites (R1 and R2), two tundra sites (T1 and T2) on the north of the river and one site with thermokarst ponds (K1) on the south of the river were sampled. Other samples were collected near the village of Umiujaq, on the tree line, on a rock bluff (R3) (56°33′N, 76°33′W) and in a palsa field inland (K2) (56°36′N, 76°1 2′W) (Fig. 1) . A total of 41 ponds were sampled in July 2007. The vegetation varied greatly among the sites, with essentially no or little vegetation in rock bluffs, small spruce trees, lichens and mosses in the tundra landscape and Sphagnum and other mosses in peatlands and palsa fields.
Recording of physico-chemical parameters
Some ponds around Kuujjuarapik were sampled twice during the 3-week sampling period to determine the temporal variability of both community structure and environmental conditions. Ponds were shallow (<1 m deep) and small (surface area between 0.5 and 348 m 2 ). Water temperature, pH, conductivity and total dissolved solids were measured using CyberScan PC300 multimeter probes immersed in the top 30 cm of the water column. Water samples were collected with a 2-L brown polypropylene bottle that was pre-rinsed three times with pond water for the determination of the concentrations of DOC, chlorophyll a and phaeopigments. Water samples used for DOC determination were filtered onto pre-combusted 25 mm diameter GF/F Whatman filters (nominal pore size 0.7 µm). Filtrates were stored in prewashed glass tubes following Burdige and Homstead (1994) , and acidified with H 3 PO 4 (25%) to a final pH of 2.0. DOC concentrations were obtained by high temperature oxidation using a Shimatzu TOC analyser 5000 A following Whitehead et al. (2000) . Water samples for the determination of chlorophyll a and phaeopigments were filtered onto 25 mm diameter GF/F Whatman filters (pore size 0.7 µm). Filters were then stored at −80°C until analysis. Chlorophyll a and phaeopigments were determined by fluorometry, following the method developed by UNESCO (1994) . Maximum depth, width and length of the ponds were measured and latitudinal and longitudinal coordinates and altitude were noted. The surroundings of the ponds were composed essentially of rock and/or vegetation. Since both parameters excluded one another, we only measured the fraction of the vegetation 1 m around the ponds with a tape and expressed it as the percentage of vegetation surrounding the ponds. Differences among ponds in abiotic factors (conductivity, pH, DOC, temperature, chlorophyll a, phaeopigments, area, depth and altitude) were tested using ANOVA followed by Tukey tests for normally distributed data or Kruskall-Wallis followed by multiple comparisons using the kruskalmc function (Siegel and Castellan, 1988) in the pgirmess package using R version 3.1.0 (R Core Team, 2014).
Zooplankton sampling and identification
Preliminary analyses were carried out in the study area before sampling to evaluate the best sampling procedure. Most of the ponds were too shallow (<30 cm deep) to use standard sampling gear like nets, traps and tubes. In order to have quantitative samples, a 7-L graduated bucket or a 1-L hand pitcher was chosen to sample water (depending on pond size). The container was held secured on a 1-m stick to allow sampling in the middle of large ponds. One to 10 samples were collected per pond (for a total volume between 1 and 70 L) and these samples were subsequently pooled. Except for some thermokarst ponds that were less accessible, samples were taken at different sites within the pond according to the size and the shape of the pond and the zooplankton abundance. In ponds that had a lower zooplankton density, more samples were taken in order to increase taxon discovery. The bucket was towed rapidly enough to prevent Notonecta and Chaoborus larvae from escaping. Water was filtered on a 100-µm mesh size net. The total volume filtered was adjusted to pond size in order to obtain an unbiased proportion of representative zooplankton number per pond. Given the large size disparity among our ponds, our sampling strategy ensured adequate comparisons. Zooplankton were transferred to 50 mL borosilicate tubes and preserved with ethanol 95% for later identification. Cladocerans were identified to the family level (Bosminidae, Chydoridae, Daphniidae, Holopedidae, Polyphemidae and Macrothrycidae), Copepods were identified to the order level (harpacticoids, calanoids and cyclopoids) and Ostracods were identified to the class level. Unidentified Cladocerans and Copepods were classified as Cladoceran spp and Copepods spp, respectively. The larvae of the phantom midge Chaoborus and Notonecta were included in the data set because they mostly interact with zooplankton. Daphniids were pooled for later genetic identification. The biodiversity of ponds was assessed with richness and Simpson's index of diversity. Taxonomic identifications were performed using Wilson (1959) , Pennak (1989) and Witty (2004) .
Genetic analyses
Twenty individuals of the D. pulex complex were randomly chosen from each pond that contained enough Daphnia (total of 23 ponds) to assess clonal diversity. To identify their clonal lineage and their ploidy levels, individuals were genotyped at six microsatellite loci described by Colbourne et al. (2004) . The loci used were Dpu45, Dpu502, Dpu183, Dpu30, Dpu6 and Dpu12.2. Forward primers were end-labelled with fluorescent dyes FAM or TET (Life Technologies, University of Oklahoma, USA). Conditions for Polymerase chain reaction (PCR) were as described in Vergilino et al. (2009) . PCR products were electrophoresed on 6% polyacrylamide gels and scanned with a FMBio III scanner (Hitachi, Tokyo, Japan). Allele sizes were determined by comparison with a fluorescent ladder (Promega, USA) with the image analysis software. Each clonal genotype was then assigned to one of the NADH dehydrogenase subunit 5 (ND5) mtDNA lineages using the amplification and the sequencing protocol of Vergilino et al. (2009) . These sequences were identified by phylogenetic reconstruction along with representative members of the D. pulex lineages as in Vergilino et al. (2009) . Since species of the D. pulex complex cannot be distinguished morphologically, we used ND5 sequences (Vergilino et al. 2009 ). Clonal richness was estimated as the number of genotypes divided by the total number of individuals (G−1)/(N−1). Simpson's index of diversity was calculated for each pond. This measure indicates the probability that two individuals from the same pond, sampled at random belong to different clones. Clonal diversity was measured as the complement of Simpson's index (1−D).
Statistical analyses
We used variation partitioning analyses (Borcard et al., 1992; Peres-Neto et al., 2006; Legendre and Legendre, 2012) to assess the relative role of spatial processes and environmental conditions on the zooplankton communities and on the clonal assemblages. Spatial variables were created using Moran's eigenvector maps (MEM) method Legendre and Legendre, 2012) . Assuming overland dispersal, we constructed for each data set a binary connectivity matrix (B) defining which pairs of ponds were connected and which were not, and a weighting matrix (A) providing the intensity of the connections; we used matrix A to weight the connections between ponds according to distance since we assumed that dispersal among ponds should decrease with distance (Borcard et al., 2011) . The pairwise product of the matrices A and B was used to calculate a spatial weighting matrix (W) that can be used in the variation partitioning analysis Borcard et al., 2011) . Since we did not know how ponds were connected via overland dispersal, we computed different types of matrices A and B and compared the performances of their different combinations; to create the MEM variables used in the variation partitioning analysis, we selected the combination of matrix A and B that resulted in the spatial model that had the most explanatory power based on the corrected Akaike information criterion (AIC c ) Borcard et al., 2011) . Five connection networks, described in Legendre and Legendre (2012) , with varying amount of connectivity, were tested for matrix B: Delaunay triangulation, Gabriel graph, Relative neighbourhood graph, Minimum spanning tree and Maximum distance graph. To construct matrix A, we tested the three functions suggested by Dray et al. (2006) 
, where d ij = the distance between a given pair of ponds and max(d ij ) = the largest distance among connected ponds of the study region. We tested a series of integers ranging from 2 to 10 as values for α and ranging from 1 to 10 as values for β; the best parameters were chosen based on the resulting explanatory power of the generated spatial variables as indicated by the AIC c . The construction of the MEM variables and model selection were made using the function test.W of the spacemakeR package of R .
Prior to variation partitioning, redundancy analyses (RDA) were conducted to verify if spatial and environmental variables significantly explained variation in the zooplankton communities and in the clonal assemblages. RDAs were conducted on the Hellinger-transformed (Legendre and Legendre, 2012) zooplankton abundances and on the D. pulex clonal abundances with two different sets of explanatory variables: a set with the MEM variables and a set with the environmental parameters (Table I ). The environmental parameters data set included altitude, water temperature, pH, conductivity, chlorophyll a, phaeopigments, DOC, depth, surface area, the percentage of vegetation surrounding the ponds and the abundances of the zooplankton predators Chaoborus and Notonecta. Some variables including conductivity, chlorophyll a, phaeopigments, DOC, and Chaoborus and Notonecta abundances had to be log-transformed to achieve multinormality of the environmental data (tested in PAST 1.81 with a Mardia's Kurtosis test; Mardia (1970) ). The presence of a linear trend in the data, suggesting that a process acting at a larger scale than the study region influenced zooplankton and Daphnia clone abundances, was also tested (Legendre and Legendre, 2012) . Each set of explanatory variables producing a significant RDA was then forward selected using the packfor package of R to retain only the variables that explained the most the variation in the zooplankton communities and in the clonal assemblages (Blanchet et al., 2008) . Variation partitioning among the resulting sets of explanatory variables was conducted following the procedure of Peres-Neto et al. (2006) using the function varpart of the package vegan of R (Borcard et al., 2011) . Monte-Carlo permutation tests (Borcard et al., 2011) at a significance level of 0.05 with 999 iterations were used to assess the significance of RDA models, of each variable during the forward selection procedure and of each fraction during the variation partitioning procedure. We used PROTEST analyses (Procrustes analyses) to assess if there was an association between the clonal diversity in Daphnia and SD in zooplankton community (PeresNeto and Jackson, 2001) . A first analysis was made on the Hellinger-transformed zooplankton species and clone data sets. The zooplankton data set corresponded to the abundance of each species in each pond, while the clone data sets corresponded to the proportion of each clone in the Daphnia population of each pond. Then, a partial PROTEST analysis was made on the residuals of the same data sets when partitioning out the common variation that was due to the significant explanatory variables from the previous RDAs. This approach allows minimization of the problems related to the mutual correlation of two data sets with other common sources of variation (Peres-Neto and Jackson, 2001). The PROTEST analyses were carried out by using the protest function of the vegan package of R. The significance of the association between the data sets was assessed using a permutation test (999 permutations). The probabilistic model of Veech (2013) was used to verify if diploid and triploid clones were more or less cooccurring among the 23 ponds than what is expected if the clones were distributed independently of one another. Based on a pairwise approach, the model of Veech (2013) calculated the probabilities that diploid and triploid clones were co-occurring at a frequency less than or greater than the expected frequency if they were distributed randomly of each other, and then compared the obtained value to a pre-defined significance level (i.e. 0.05) (Veech, 2014) . We used the model on a presence-absence incidence matrix using the cooccur package of R (Griffith et al. 2014) .
R E S U L T S Descriptive variables
Ponds that were sampled twice showed great similarities in zooplankton composition, clonal diversity and environmental conditions; therefore, only the data of the first sampling were included in the analyses. Abiotic factors of the 41 ponds retained in this study are shown in Table I . Conductivity varied from 14 to 7410 µS cm −1 and was significantly different among ponds (KW = 18.6, df = 2, P < 0.001). Most rock bluff ponds were characterized by high conductivity values due to the salts carried in sea spray from nearby Hudson Bay. Thermokarst ponds had higher DOC levels than tundra ponds (Table I ). Rock bluff ponds had higher mean pH values than thermokarst ponds. Chlorophyll a was not significantly different between pond types (KW = 5.2. Df = 2, P = 0.07). Rock bluff ponds were smaller and shallower than thermokarst and tundra ponds. Zooplankton abundance varied greatly (between 570 and 1 427 000 individuals per m 3 , in Ponds T2-04 and R2-14, respectively) (Supplementary Table 1 ). The maximum abundance was found in Pond R2-14 with the highest DOC value and was inhabited mostly by Daphnia and Chydoridae. Daphnia and copepods together dominated the zooplankton community of 29 ponds (≥75% of the total zooplankton). Leptodiaptomus minutus was the dominant copepod species, followed by Hesperodiaptomus arcticus and Microcyclops rubellus. No significant differences in microcrustacean richness (KW = 0.52, df = 2, P = 0.76) and Simpson's indexes (KW = 2.35, df = 2, P = 0.30) were found among the three types of ponds.
Clonal diversity
Twenty-three ponds were assayed for clonal diversity using 6 microsatellite markers in 552 individual Daphnia. The sampled area had a total of 23 unique genotypes referred to as clones. Eight clones belonged to the D. pulex species, two clones to Western D. pulicaria and seven to Eastern D. pulicaria sensu (Colbourne et al., 1998) (Table II, Supplementary Fig. S1 ). Six clones could not be identified to a known D. pulex lineage. There were clear differences in the distribution of Daphnia species depending on the types of ponds (Table III) . Daphnia pulex clearly dominated rock bluff ponds, whereas Eastern D. pulicaria dominated in tundra ponds and in thermokarsts. Eight clones were triploids (identified as T) and 15 clones were diploids (identified as D) (Table II) . Clonal diversity averaged 1.64 (±0.5) clones in rock ponds, 2 (±1) clones in thermokarsts and 2 (±1) clones in tundra ponds. Overall, 1.88 (±0.8) clones were found per pond. None of the clones were present in all three types of ponds. Clone D1 was the most widespread clone occurring in 30% of the ponds and representing 20% of the total individuals of the survey (Table II) . It was found mainly on the rock bluff R2 and in the thermokarst site K1, and it was the dominant clone in 57% of the ponds it inhabited. The clone T11 was found in both thermokarst ponds and in rock bluff ponds, whereas clone T4 was found in both rock bluff and tundra ponds (Fig. 2) . In general, one or a few clones dominated the clonal community. Five clones were relatively common (T4, T6, D7, T11 and D19). D3 co-occurred with other clones in four ponds but was in low abundance in contrast to D7 that was present in three ponds but dominated in these ponds. Fourteen clones were found in a single pond and six of these accounted for <5% of the total individuals genotyped in the pond and were considered rare clones. Clonal richness varied from 0 to 0.15 and Simpson's index varied from 0 to 0.5 (Table III) . Only three ponds (R2-16, K1-S1 and K2-BGR8) had a Simpson index ≥0.4.
Variation partitioning for clonal abundance
We created the MEM variables for the variation partitioning of D. pulex complex clone assemblages by using a Minimum Spanning Tree connection network weighted by a linear function because it produced the best MEM model (AIC c = −5.13). This model produced a total of 20 MEM variables. The RDA with the MEM variables set as explanatory variables was not significant (adjusted R 2 = 0.06, F = 1.21, P = 0.101). The RDA with the environmental parameters as explanatory variables was significant (adjusted R 2 = 0.21, F = 1.42, P = 0.01); the forward selection procedure retained conductivity (adjusted R 2 = 0.11, F = 4.20, P = 0.001), pH (adjusted R 2 = 0.02, F = 1.79, P = 0.03) and depth (adjusted R 2 = 0.01, F = 1.60, P = 0.04) as the best explanatory variables of this set. Linear trend was included as a fraction in the variation partitioning procedure since it was significant (adjusted R 2 = 0.06, F = 1.74, P = 0.01). Variation partitioning indicated that environmental parameters explained 14.0% (adjusted R 2 , F = 2.2, P = 0.001) of the variation in the D. pulex complex clonal assemblages among ponds; they were the component that explained the most variation among the variables included in the analysis (Table IV) . Variation explained by linear trend alone was not significant (adjusted R 2 = 0.03, F = 1.4, P = 0.08). Residual variation represented 80% (adjusted R 2 ) of the variation in D. pulex complex clone assemblages.
The influence of the significant variables on the distribution of D. pulex complex clones was explored using RDA (Fig. 3) . The first two RDA axes accounted significantly for 23.1% of the variation in clonal diversity (F = 2.5, P = 0.001). Clones D1, D3 and D13 were positively correlated with conductivity, clones T11 and D12 were negatively correlated with pH and clones D7 and D19 were positively correlated with depth (Fig. 3) . Diploid and triploid clones co-occurred in 3 of the 23 ponds of the study region. It is a much lower occurrence than what was expected by the pairwise analysis (seven ponds) based on the probabilistic model of Veech (2013) (P lt = 0.0005) if diploid and triploid clones were randomly associated. 
Variation partitioning for zooplankton communities
We created the MEM variables for the variation partitioning of zooplankton communities by using a Gabriel graph connection network weighted by a linear function because it produced the best MEM model (AIC c = −37.19). This model produced a total of 40 MEM variables. The RDA with the MEM variables set as explanatory variables was significant (adjusted R 2 = 0.29, F = 2.18, P = 0.001); the forward selection procedure retained MEM 2 (adjusted R 2 = 0.08, F = 3.29, P = 0.01), MEM 3 (adjusted R 2 = 0.07, F = 3.48, P = 0.002) and MEM 12 (adjusted R 2 = 0.08, F = 3.43, P = 0.007) as the most explanatory variables of this set. The RDA with the environmental parameters as explanatory variables was also significant (adjusted R 2 = 0.24, F = 1.91, P = 0.002); the forward selection procedure retained altitude (adjusted R 2 = 0.06, F = 4.11, P = 0.002), temperature (adjusted R 2 = 0.06, F = 4.92, P = 0.01), conductivity (adjusted R 2 = 0.06, F = 5.72, P = 0.01), phaeopigments (adjusted R 2 = 0.01, F = 1.48, P = 0.05) and surface area (adjusted R 2 = 0.06, F = 4.39, P = 0.01) as the most explanatory variables of this set. Since there was a significant linear trend in the data (adjusted 
Values in the table are adjusted R 2 with associated P values. E is the variation that can be attributed to pure environmental variables, S is the variation that can be attributed to pure MEM variables, T is the variation that can be attributed to a linear trend acting at a larger scale than the study region; below are the variations that can be attributed to combinations among these variables. R 2 = 0.08, F = 2.73, P = 0.007), it was included as a fraction in the variation partitioning procedure.
Variation partitioning indicated that environmental parameters explained 11.8% (adjusted R 2 , F = 2.3, P = 0.005) of the variation in the zooplankton composition among ponds; they were the component that explained the most variation among the variables included in the analysis (Table IV) . MEM variables (F = 2.2, P = 0.005) were significant but explained less variation (6.8%, adjusted R 2 ). Linear trend alone was not significant (adjusted R 2 = 0.006, F = 1.2, P = 0.2). Environmental parameters explained an important part of the variation in combination with spatial components (adjusted R 2 = 0.064 with linear trend; adjusted R 2 = 0.087 with MEM variables). Residual variation represented 64.7% (adjusted R 2 ) of the variation in zooplankton composition.
The influence of the significant variables on the distribution of zooplankton groups was explored using RDA (Fig. 4) . The first two RDA axes accounted significantly for 14.3% of the variation in zooplankton species data (F = 3.50, P = 0.001). Figure 4 shows no clear divergence in community structure among the three types of ponds. Daphnia and calanoid abundances were correlated with opposite variables. Daphnia were positively correlated with MEM 2, MEM 12 and conductivity and negatively correlated with surface area, while the reverse was true for calanoids. Cyclopoids were positively associated with altitude and temperature.
Relationship between zooplankton and clonal diversity
The PROTEST analysis made on the Hellingertransformed zooplankton and clonal data sets showed that the association between the data sets was not significant (m 12 2 = 0.648, P = 0.203); suggesting that these data sets were not influenced by the same environmental parameters. The partial PROTEST analysis indicated there was a significant association between the zooplankton and clonal diversity variation after the environmental variables were partitioned out (m 12 2 = 0.8154, P = 0.037), suggesting that ponds that harboured more zooplankton species also harboured more clones.
D I S C U S S I O N Clonal diversity and distribution
The study region encompassed a diverse array of clones belonging to various D. pulex lineages that differ in ploidy levels and in their association with abiotic factors. Clonal diversity was similar to that found at another subarctic site (Churchill, Manitoba, a subarctic site; Weider and Hebert, 1987) . Clones were generally restricted to one of the three pond types, with some of the clones being widely distributed, whereas others restricted in abundance and distribution. Clones were distributed along specific abiotic and biotic factors. Clones D1, D3 and D13 were associated with high conductivities, D7 and D19 were found in deeper ponds, T11 and D12 were predominant in ponds with lower pH. A previous laboratory study on a subset of these clones showed differential clonal survival under conditions of high pH, temperature and conductivity (Jose and Dufresne, 2010) , hence suggesting that these clones conform to the Frozen Niche Variation hypothesis (Vrijenhoek, 1979) and have become ecological specialists. The lack of relationship between clonal composition and spatial factors seen in this study and in a temperate assemblage of diploid asexual pulex-pulicaria hybrids (Pantel et al., 2011) , suggests that clonal environmental sorting is not confounded by spatial structure. This is not surprising as D. pulex is a good disperser (Crease et al., 2012) . This indicates that clones are free to disperse from the regional pools and to respond to environmental filters. This is important in the context of climate change as dispersal of stress tolerant taxa may compensate for losses in function in stress-sensitive local species (Thompson and Shurin, 2012) . Thirty-five percent of the clones in the study area were polyploids and accounted for a third of all sampled individuals. The proportion of polyploid clones is lower than what is known from another low arctic site (Churchill, Manitoba), where nearly half of the clones are polyploids (Dufresne and Hebert, 1995) . A gradient of ploidy with latitude is known in members of the D. pulex complex, where diploid clones represent nearly all of temperate clones, half of subarctic ones and a minority of the high arctic ones (Beaton and Hebert, 1988) . The evolutionary significance of polyploidy is far from understood but a previous study has revealed that polyploid clones showed a tendency to mature earlier than diploid clones at lower temperatures , which could explain this differential distribution. The location of Kuujjuarapik on the southeastern (predominantly windward) shore of Hudson Bay results in a milder climate than in Churchill. For example, unlike in Churchill, clones are not melanized and the arctic endemic Daphnia tenebrosa is not present in the Kuujjuarapik area. Hence, the lower proportion of polyploid clones in Kuujjuarapik might reflect its "milder climate". Triploid clones co-occurred less with diploid clones, which may suggest that they do not compete well with the latter. The initial establishment of new polyploid populations is one problem faced by new polyploids because they must compete with diploid individuals (Levin, 1983) . Polyploid Daphnia are known to have lower rates of increase than diploid ones (Weider, 1987; Dufresne and Hebert, 1998 ) that could explain their negative co-occurrence in Kuujjuarapik. Jeyasingh et al. (2015) reported differences in phosphorous uptake and excretion between both diploid and polyploid Daphnia from a subarctic site. Polyploid clones were more efficient at retaining phosphorous and hence may exclude diploid clones in low phosphorous ponds. The negative co-occurrence of diploid and polyploid clones may also be the result of sorting along differential abiotic/biotic factors. In Kuujjuarapik, diploid clones were found in the more saline ponds on rock bluffs whereas triploid clones were associated with tundra ponds with a high abundance of Chaoborus. It is possible that the larger size of triploid neonates renders triploid clones less susceptible to predation by these gape-limited predators. The recurrent origins of diploid and triploid clones as well as their high heterozygosity levels through their hybrid origins (Vergilino et al., 2009 ) must facilitate sorting along environmental gradients in both cytotypes with selection operating to maintain niche differentiation.
Zooplankton-environment relationship
Our survey revealed that the three pond types were mainly discriminated by conductivity, altitude, temperature and DOC but zooplankton species did not sort according to pond type. Rock bluff ponds had high mean conductivity, tundra ponds were characterized by lower DOC values and thermokarst ponds were typically found at higher altitudes and exhibited higher mean temperatures. Temperature was an important driver of spatial variation in zooplankton diversity in the ponds surveyed. Temperature was a second determinant of microcrustacean composition and richness in a survey of 54 arctic lakes and ponds (Strecker et al., 2008) . Largebodied Daphnia dominated assemblages in arctic lakes with higher temperatures as compared to polar oasis lakes of the Lake Hazen region (Strecker et al., 2008) . Conductivity was another important factor explaining zooplankton distribution and abundance. Calanoid copepods were associated with ponds exhibiting lower conductivities. Conductivity was also a main determinant of microcrustacean richness in Churchill, Manitoba (Ng et al., 2009) and in high arctic lakes and ponds from Ellesmere (Strecker et al., 2008) with Daphnia and ostracods being predominantly associated with this factor. As conductivity is expected to increase at subarctic and arctic sites due to increased water evaporation caused by climate change, changes in microcrustacean composition will likely follow.
Association between zooplankton and clonal diversity
We tested the hypothesis that clonal diversity in Daphnia and SD in zooplankton communities would be negatively associated. Contrary to our predictions, results from the partial PROTEST analysis revealed that arctic  ponds with high levels of zooplankton diversity also had high levels of clonal diversity. This association was however only visible when the effects of environmental parameters were partitioned out in the PROTEST analysis, because environmental parameters had a greater influence on clonal diversity and SD than biotic interactions and because diversity levels were mainly affected by different parameters. The RDAs showed that only water conductivity affected both diversity levels importantly. This is not surprising as conductivity influences the distribution of Daphnia clones (Weider and Hebert, 1987) and microcrustaceans (Ng et al., 2009) . The positive association between clonal diversity and SD could result from a situation similar to case 2 and/or 3 of Vellend and Geber (2005) . Since Daphnia are the most abundant component of the zooplankton community, it is probable that clonal diversity had a greater impact on SD than the reverse. As different clonal lineages have different life-history traits and competitive abilities Jose and Dufresne, 2010; Pantel et al., 2011) , it could be that the different clones had a significant impact on SD by favouring the coexistence of different predators and competitors. Our results are at odds with the prediction that high clonal diversity in Daphnia would decrease species richness by enhancing priority effects and inhibiting subsequent colonization events (De Meester et al., 2002) . Holmes et al. (2016a) observed no significant differences in the colonization dynamics of ponds stocked with high clonal diversity as compared to monoclonal ponds. Other studies have suggested that clonal identity may be more important than clonal richness for community establishment success (De Meester et al., 2007; Pantel et al., 2015; Holmes et al., 2016b) . It is also possible that both diversity levels were affected similarly by non-spatially structured historical colonization events (like dispersal by animals), and that the diversity levels we observed still reflect these colonization events. Indeed, many zooplankton species found in these subarctic ponds, including Daphnia, have characteristics (small size, resting propagules) that make them good dispersers and colonizers. The exact mechanism behind the positive association between GD and SD is intriguing and experimental work combining sets of clones with current predators and competitors is needed for a better understanding.
Our study is the first field study to report an association between clonal diversity in an animal and the SD of its community. In freshwater environments, positive SGDC have been reported in stream fishes (Blum et al., 2012) and in freshwater snails (Lamy et al., 2013) but not in the freshwater copepod L. minutus (Derry et al., 2009) . Derry et al. (2009) found no significant correlation between the COI haplotype diversity of the freshwater copepod L. minutus and the SD of the rest of the zooplankton communities in boreal lakes recovering from acidification. Derry et al. (2009) suggest that the COI haplotype diversity of copepods was primarily influenced by the spatial structure of the region, while SD was primarily influenced by the pH of the lakes, hence the lack of correlation between the diversity levels. Blum et al. (2012) found in stream fish communities that allelic richness and species richness covaried and were both influenced by the agricultural use of the surrounding land. Lamy et al. (2013) found a positive correlation between GD and SD in freshwater snail communities in Guadeloupe. This was mainly because both diversity levels were similarly influenced by the variations in connectivity level among the study sites and the watershed, which was a source of migrants for both diversity levels (Lamy et al., 2013) . Further studies will allow one to verify if positive SGDC are common in different ecosystems.
Since zooplankton diversity and clonal diversity were mostly affected by different environmental parameters, the fact that they had a positive association means that environmental changes in parameters that would not usually directly affect a diversity level could affect it indirectly via its effect on the other diversity level. Another consequence of the positive SGDC between clonal diversity in Daphnia and SD in the zooplankton community is that it will allow evaluation of SD by measuring GD. This is a strategy that could be particularly interesting for the monitoring and conservation of subarctic environments, as it could allow a rapid diagnostic of the impact of environmental changes on the aquatic communities without the need to systematically proceed to time-consuming taxonomic study (Heiskanen, 2016) .
C O N C L U S I O N S
Our results report a positive association between clonal diversity and SD in the zooplankton communities of subarctic ponds when the effects of environmental and spatial parameters were partitioned out, suggesting that clonal diversity and SD possibly affected each other directly. In order to predict biodiversity changes resulting from climate warming in subarctic and arctic regions, it is necessary to have an insight of the GD of species and their interactions with their metacommunities. Further studies are needed on other components of these freshwater ecosystems, such as microbial taxa, to have a better understanding of the factors structuring biodiversity at these high latitudes. 
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